INTRODUCTION
Advances in endoscopy and surgery for diseases within the air passages have been made in recent years. The improvements have resulted from modifications to endoscopic equipment, and from better operating conditions provided by new anaesthetic agents and techniques. Among the most significant developments have been (i) adaptations to bronchoscopes to facilitate ventilation (Herron 1950 , Safar 1958 , Steglich-Petersen 1967 ; (ii) laryngeal microsurgery using a selfretaining laryngoscope and operating microscope ; (iii) the use of the Venturi principle for intermittent positive-pressure ventilation during bronchoscopy (Sanders 1967 ) ; (iv) other techniques for positive-pressure ventilation during bronchoscopy (Carden, Trapp and Oulton 1970; Komesaroff and i\IcKie 1972) .
Laryngeal microsurgery has revolutionized the surgical approach to tumours and other lesions of the larynx, facilitating precision in diagnosis and treatment. Greater sophistication in equipment has also occurred with the development of fibre -optic light sources. Ventilating bronchoscopes are now readily available in infant and child sizes (Storz). A complete modified T-piece circuit can be attached to a wide side-limb of the bronchoscope, and the top of the bronchoscope closed by a glass obturator.
INDICATIONS FOR ENDOSCOPIC INVESTIGATION'
Laryngoscopy and bronchoscopy in infants and children are often indicated in the investigation of stridor, recurrent croup, cyanotic attacks, and hoarseness. Conditions which may be found include laryngomalacia, vascular anomalies causing tracheo-bronchial compression, congenital subglottic stenosis, tumours (papilloma, haemangioma), vallecular cysts, foreign bodies, vocal cord palsies, and tracheomalacia.
Laryngoscopy alone should be regarded as an incomplete examination;
bronchoscopy is required to detect many subglottic and tracheal conditions.
Stridor is present in some infants with hydrocephalus (Fitzsimmons 1965; Wickramasinghe, Eckstein and Nixon 1967) , and endoscopy may disclose nothing abnormal in the air passages.
Upper airway obstruction in infants and children has been reviewed elsewhere (Bennett, Tsuchiya and Stephen 1969; Benjamin and Lines 1972) .
INDICATIONS FOR MICROLARYNGEAL SURGERY
Laryngeal papillomata constitute by far the commonest indication for microsurgical treatment of the larynx in children. The investigation of hoarseness also increasingly indicates microlaryngeal inspection and perhaps biopsy. The usual considerations of qfeguarding the patency of the ain\'ay and proyiding adequate oxygenation and carbon dioxide remm'al apply. Additional special requirements are adequate mandibular relaxation, suppression of undesirable reflex responses to Iar~'ngeal or bronchial stimulation, ample surgical access to the pharynx and larn1x, and the preseryation of spontaneous respiration in all cases where the assessment of the dynamics of laryngeal structure and function is a cardinal purpose of the inyestigation. Within the limits imposed by the patient's general condition, anaesthesia should provide conditions such that unhurried atraumatic examination and precise diagnosis and operatiye treatment are possible.
SPECIAL ..\:\:\ESTHETIC PROBLE~IS
(1) The airway is shared with the surgeon; there must be mutual understanding of problems. Absolute teamwork is a sille qlta 11011.
(2) The surgeon requires adequate space in which to operate and, ideally, unohstructed access to the larvnx. The use of a tube for microsurgery ma~: prejudice these conditions. (:3) Some patients are in poor condition when presented for endoscopic investigation. :\cute or chronic upper airway obstruction is not infrequently present, and may alread\' have caused hypoxia and carbon dioxide retention. Associated anomalies such as congenital cardiac lesions are not uncommon. Such patients haye little reserve with which to enter the portals of general anaesthesia.
(4) l\Ianipulations within the airway may cause larvngeal spasm. Since in many cases the use of muscle relaxants is to be avoided so that vocal cord mo\'ement can he assessed, other techniques must be employed which abolish or minimize this complication, while preserving spontaneous respiration.
AXAESTHETIC JIETHOJ)s FOR LAI{Y:\(;OSCOPY
:\:\D ASSOCIATED RRO:\CHOSCOPY At the Roval Alexandra Hospital for Children, the techniq"ue currently in common use is based on deep inhalational anaesthesia using halothane and topical analgesia with lignocaine. This method, which preserves spontaneous respiration, is ideal for the many hrief endoscopic examinations performed in the investigation of stridor.
Bahies up to about nine months are premedicated with atropine alone (1 ;)-20 !Lg/kg) ; older children may be given pethidine (1-].f) mgjkg) in addition. \ rhen severe stridor is present, atropine premedication may worsen stridor by dr~'ing the airway. ender these circumstances it is usually omitted beforehand but given intravenously "(10 !Lg;kg) about the time of induction. Laryngeal and bronchial stimulation may cause bradycardia and atropine affords some degree of protection against this.
A.naesthesia may be induced with thiopentone in older children. " In infants our usual method is inhalational, using nitrous oxide, oxygen, and halothane. Nitrous oxide may he omitted if an infant is in poor condition.
Deep anaesthesia is awaited before any intra-pharyngeal manipUlations are attempted. An intravenous route is secured as early as possible. A muscle relaxant is drawn up "as a precaution hut rarely used.
When adequate anaesthetic depth has been attained, topical anaesthetic solution is applied to the anterior and posterior surfaces of the epiglottis, the arytenoids, the vocal cords, and the trachea. This is done in several stages, without haste, and withdrawing from the pharynx to deepen anaesthesia in the intervals. The application of topical solution initially can itself cause reactive spasm, hence the need for a measured approach.
The topical anaesthetic used is lignocaine. ~ince toxicity is possible following absorption from the respiratory tract, the dose must he calculated for the individual patient. Wc haw routineh' used :~ mg / kg, which is considered a conservative and safe dose. Inmost cases it supplies a sufficient amount of the solution. However, on occasion more is required, and a further amount up to a total of i) mg/kg may be safch' used (Hrown 197:3) . The 4 per cent topi(:al lignocaine solution is diluted to 1-2 per cent, drawn up in a syringe, and instilled using it (ass needle (Cass and Waldie 1964) . A small amount of solution is left for later instillation down the bronchoscope.
Deep anaesthesia with halothane is now regained, after which the mask is removed and the surgeon proceeds with Iar~'ngoscopy. This initial inspection should not he unduly prolonged as anaesthesia is lightening. On insertion of the bronchoscope (Storz), the modified T-piece circuit is attached to the wide side-limb of the hronchoscope and anaesthesia is continued as before, interrupted only by the removal of the glass obturator of the bronchoscope for suction, hiopsy, or foreign hody extraction. On removal of the hronchoscope, anaesthesia is discontinued and the laryngoscope is reinserted by the .~ Jlal'slhl'sia ami IIl/I'JI,ii', Carl', l·ul. I, So. ri, SOVCII1/Jrv, 1f17.3 surgeon. Laryngeal movements are assessed as anaesthesia lightens. At the first active adduction of the vocal cords the laryngoscope is removed and the face-mask applied for oxygenation. The use of topical analgesia is considered essential for the prevention of laryngeal spasm during this manoeuvre.
Occasionally, on insertion of the bronchoscope, it may become desirable to give a muscle relaxant. The paralysed patient is then ventilated via the side-limb with attached modified T-piece. The commonest reason for this change in method is the discovery of a foreign body; conditions for removal are often better, and bronchial and chest wall spasm less likely to occur, when a muscle relaxant is used.
ANAESTHETIC METHODS FOR i\l!CROLARYNGEAL SURGERY
Once again, anaesthesia is initially carried out using deep halothane and topical analgesia, and preserving spontaneous respiration. Commonly, the surgeon will perform an initial laryngoscopy with the aid of this technique. When the decision has been made to proceed with microlaryngoscopy, one of two methods may be used:
(a) Intubation of the larynx with an uncuffed polyvinyl chloride or rubber Magill tube, in a much smaller size than is usual for the patient's age. Extra length is helpful in leading the tube out of the side of the mouth and away from the laryngoscope. Spontaneous respiration may be allowed to continue, or a muscle relaxant may be given and intermittent positive-pressure ventilation commenced, using hyperventilation because of the small tube.
Although not ideal, this technique is often acceptable to the surgeon, especially if the laryngeal lesions are anteriorly placed on the vocal cords. The tube can be seen to traverse the posterior part of the laryngeal aperture, leaving ample space for surgery anteriorly. Movement of the tube is possible to allow access to other areas of the cords. Pollard (1968) designed a compound cuffed tube for this purpose in adults, and Bromfield and Cullingford (1972) describe a variation of this principle. The bulkiness of the large proximal section of the tube would be unacceptable in small children, and in fact there is no need to use anything other than a plain tube as described above. (b) Absolutely clear access to the larynx without the obstruction of a tube may be obtained by pharyngeal insufflation of anaesthetic gases, with spontaneous respiration. Our original method using a nasopharyngeal tube has been described elsewhere (Benjamin and Lines 1972) . In a recent modification, gases are insufflated via a long wide bore needle (a blood-bottle air-vent is suitable), inserted into the channel at the side of the selfretaining laryngoscope (originally meant for a light-carrier). The malleable needle is bent at the top of the channel so that it rests with its tip safely inside the lower end of the laryngoscope. Gases insufflated via the needle are delivered very close to the laryngeal aperture, thus diminishing leakage and facilitating the maintenance of adequate depth. As with any pharyngeal insufflation technique, constant close observation of air exchange is essential.
Originally, methoxyflurane was routinely added as a supplement. In recent cases, adequate topical analgesia and deep halothane anaesthesia with gases insufflated in close proximity to the larynx have proved satisfactory without such supplementation.
Microlaryngeal surgical and anaesthetic techniques are often criticized because no precautions are taken to prevent possible soiling of the trachea with blood or tissue fragments. In practice, in our hands this has presented no problem.
Bleeding during laryngeal microsurgery, at least in children, is effectively stopped by pressure, and is never a continuing significant problem. Extension of the neck, and frequent careful suction, ccntribute to safety.
EQUIPMENT REQUIRED FOR ENDOSCOPY ANAESTHESIA
Certain special items must be at hand. Gamlllahydro,lybutyrate, Brown (1970) describes the use uf this agent in children and has applied it for endoscopies. The method he describes for bronchoscopy (Brown 1973) can be used also for microlaryngeal surgery. (~) .0:euruleptanalgesia in combination with general anaesthesia for laryngeal microsurgery has been described by Gordon and Sellars (H)71), Atropine and 'diazepam are given as premedication. Droperidol is given intravenously 10-15 minutes prior to induction, which is performed by inhalation of nitrous oxide, oxygen and haluthane, and continued to a deep level. Topical spray is used. Deep halothane is resumed until the insertion of the laryngoscope, when inhalational anaesthesia is discontinued, Fentanyl is then given intravenously.
The authors report highly satisfactor.y results, and have found the method extremely valuable in children.
. (~{) Bush (1973) has standardized a technique for laryngoscopy in infants which incorporates intra\'enous atropine, and thiopentone induction, Yentilation by face-mask is then tested, and all being well, suxamethonium is given and the lungs ventilated with 100 per cent oxygen. Laryngoscopy is then performed and topical spray (lignocaine) applied, Further ventilation with oxygen and a low concentration of halothane IS performed until spontaneous respiration returns, At this point a further larvngoscopy is undertaken and a small plastic catheter is inserted through the nose and into the trachea, OX~'gen and halothane are then insufflated via a blow-off valve through the catheter. This technique allows the surgeon a clear view, and assessment of vocal cord movement is not interfered with.
(-1) Deep ether is a traditional method which affords ample time and relaxation to view a mO\'ing, non-spasming larynx, These advantages should not be forgotten. Ether is used less nowadays because of its flammahility.
(5) Intermittent positive-pressure ventilation during laryngoscopy with the patient paralysed ha,; been described in adults (Oulton and Donald ] H71 , Lee 197~, Rajagopalan, Smith and Ramachandran I H72, Albert et at. 1972), Po~itive-pressure devices or the Sanders venturi technique were used, The venturi technique for bronchoscopy has been applied in children by Brown (1972) , using a source pressure reduced to :.W psi, which proved safe, \Yith appropriate caution regarding the source pressure, it seems likely that this principle can also be applied to laryngoscopy and microlaryngeal surgery in children. More time is needed to assess the safety of the technique.
(ti) Of mainly historical interest, diagnostic laryngoscopy in small infants has at times been performed without anaesthesia, Time and relaxation are inadequate and severe laryngeal spasm may be provoked. The method should be abandoned, except in the rare circumstance,; of a moribund arefiexic infant.
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